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0DWHULDOV5HVHDUFK /DERUDWRU\6%6 6WDWH7HFKQLFDO&DPSXV$QHVWDEOLVKPHQWRI*RYWRI3DQMDE)LUR]SXU ± ,QGLD
$EVWUDFW
7KH&HUDPLF7HFKQRORJ\KDVZLWQHVVHGDQH[SRQHQWLDOJURZWKLQODVWGHFDGHPDNLQJDYDLODEOHDQXPEHURIQHZHU
PDWHULDOV ZLWK LPSURYHG FKDUDFWHULVWLFV IRU VHYHUDO VWDWH RI DUW HQJLQHHULQJ DSSOLFDWLRQV 5HFHQWO\ WHFKQRORJLFDO




DV D IXQFWLRQRI WHPSHUDWXUH aSSP.7KH IDEULFDWLRQ RI YHU\GHQVHERGLHVRI%D7L2 FHUDPLFZLWKSKDVH
SXULW\ LV RI JUHDW SUDFWLFDO LPSRUWDQFH7KH UHDOL]DWLRQRIPRQRSKDVLF%D7L2 KDG KRZHYHU EHHQ D FKDOOHQJH
7KHV\QWKHVLVRISKDVHSXUH%D [ &D[7L2 PDWHULDOVZLWKLPSURYHGFKDUDFWHULVWLFVXVLQJQDUURZSDUWLFOHVL]H





7KHUH KDG EHHQ DQ XQSUHFHGHQWHG GHYHORSPHQW DQG JURZWK LQ WKH ILHOG RI FHUDPLF EDVHG 'LHOHFWULF 5HVRQDWRUV '5 IRU
PLFURZDYHFRPPXQLFDWLRQWHFKQRORJ\LQODVWIHZ\HDUV>)UHHU@7KLVWHFKQRORJLFDODGYDQFHPHQWRZHVWRWKHDYDLODELOLW\RI
VXLWDEOH HOHFWURFHUDPLFV WKDW IXQFWLRQ DV WKH LPSRUWDQW FLUFXLW HOHPHQWV OLNH ¿OWHUV RVFLOODWRUV ZLWK VHOHFWDEOH IUHTXHQFLHV
DPSOL¿HUV DQG WXQHUV 7KH WHUP ³(OHFWURFHUDPLF´ LV XVHG LQ JHQHUDO WR GHVFULEH FHUDPLF PDWHULDOV WKDW KDYH EHHQ VSHFLDOO\
IRUPXODWHGWRKDYHGHVLUHGHOHFWULFDOPDJQHWLFRURSWLFDOSURSHUWLHV7KHLUFKDUDFWHULVWLFVFDQEHHDVLO\WDLORUHGWRPHHWVSHFLILF
UHTXLUHPHQWV WKURXJKH[SORLWLQJ WKHFRPSOH[ LQWHUSOD\EHWZHHQSURFHVVLQJDQGFKHPLVWU\ VWUXFWXUHDWPDQ\ OHYHOVDQGGHYLFH
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SK\VLFV $ QHZ JURXS RI HOHFWURFHUDPLF PDWHULDOV FDOOHG 'LHOHFWULF 5HVRQDWRUV '5 FRXOG OHDG WR UHOLDEOH DQG FOHDUHU
FRPPXQLFDWLRQ VLJQDOV XVHG LQ PLFURZDYH WHFKQRORJ\ $V HDUO\ DV LQ  >5LFKWP\HU @ VKRZHG WKDW XQPHWDOOL]HG
GLHOHFWULFREMHFWVFDQIXQFWLRQVLPLODU WRPHWDOOLFFDYLWLHVZKLFKKHFDOOHGGLHOHFWULFUHVRQDWRUV'5V3UDFWLFDODSSOLFDWLRQVRI
'5V WRPLFURZDYHFLUFXLWVKRZHYHUEHJDQ WRDSSHDURQO\ LQ WKH ODWH¶VDV UHVRQDWLQJHOHPHQWV LQZDYHJXLGH ILOWHUV >&RKQ
@ '5¶V KDYH FRPSOHWHO\ UHSODFHG WKH EXON\ PHWDOOLF FDYLWLHV LQ PRVW PLFURZDYH DSSOLFDWLRQV IRU UHDVRQV RI FRVW










'LHOHFWULF &RQVWDQW :LGH )UHTXHQF\ UDQJHV DQG %HWWHU 5HOLDELOLW\ ([FHOOHQW HQYLURQPHQWDO VWDELOLW\
+LJK*RRGVWDELOLW\OLQHDULW\RIWHPSHUDWXUHFRHIILFLHQW
$ '5 LV HVVHQWLDOO\ DQ HOHFWURQLF FRPSRQHQW WKDW H[KLELWV UHVRQDQFH IRU D QDUURZ UDQJH RI IUHTXHQFLHV JHQHUDOO\ LQ WKH
PLFURZDYHEDQG7KHUHVRQDQFHLVVLPLODUWRWKDWRIDFLUFXODUKROORZPHWDOOLFZDYHJXLGHH[FHSWWKDWWKHERXQGDU\LVGHILQHG E\





FRHIILFLHQW RI UHVRQDQW IUHTXHQF\ ΡI7KH GLHOHFWULF FRQVWDQW RI WKHPDWHULDO XOWLPDWHO\ GHWHUPLQHV WKH UHVRQDWRU
GLPHQVLRQV$WSUHVHQWFRPPHUFLDOO\YLRODEOHWHPSHUDWXUHVWDEOH'5PDWHULDOVH[KLELWGLHOHFWULFFRQVWDQWVRIDERXW
WR7KHXVXDOUHDVRQIRUFKRRVLQJD'5DVDUHVRQDWLQJHOHPHQWLVWKHVL]HUHGXFWLRQDIIRUGHGE\WKHKLJKİU RI
PRGHUQ FHUDPLFV %XW GLHOHFWULF FRQVWDQW LV DPLVQRPHU QRW RQO\ GRHV İU YDU\ VOLJKWO\ IRU GLIIHUHQW WHPSHUDWXUH
FRHIILFLHQW EOHQGV ZLWKLQ WKH VDPH PDWHULDO IDPLO\ EXW ORWWRORW FHUDPLF SURFHVV YDULDWLRQV FDXVH İU WR VZLQJ
W\SLFDOO\XQLWEHWZHHQORWVEXWZLWKLQDJLYHQORWWKHYDULDWLRQLVPXFKVPDOOHU
7KHXQORDGHG4IDFWRU4RWKDWGHSHQGVVWURQJO\RQERWKGLHOHFWULFORVVHVDQGHQYLURQPHQWDOORVVHVLV GHILQHGE\
WKH UDWLR EHWZHHQ WKH VWRUHG HQHUJ\ WR WKH GLVVLSDWHG HQHUJ\ SHU F\FOH 7KHPHDVXUH RI WKH'5¶V DELOLW\ WR VWRUH
PLFURZDYHHQHUJ\ZLWKPLQLPDOVLJQDOORVVLVLWV4YDOXH(YHU\'5DSSOLFDWLRQLVXQLTXHDQGVLQFHWKH5)ILHOGV
RIWKHPRVWFRPPRQO\XVHGPRGHVGRQRWHQGDWWKHERXQGDULHVRIWKHFHUDPLFPHWDOZDOOORVVHVZLOOORZHUWKH4
YDOXH RI WKH VKLHOGHG '5 ,W¶V ZRUWK HPSKDVL]LQJ WKDW PHDVXUHG 4 LV ERWK PRGH DQG WHPSHUDWXUH GHSHQGHQW
0RUHRYHUKHUHLWLVLPSRUWDQWWRQRWHWKDW4IDFWRURID PDWHULDOFDQEHGHJUDGHGE\LQDGYHUWHQWPDUNLQJRQWKH'5




WR WKHUPDOO\ VWDELOL]H WKH VDPSOH DV ZHOO DV WKH PRXQWLQJ PDNHV WHPSHUDWXUH FRHIILFLHQW D WLPH FRQVXPLQJ
SDUDPHWHU WR PHDVXUH $Q ³LVRODWHG´ PHDVXUHPHQW LV QHFHVVDU\ WR GLVFHUQ WKH FHUDPLF SURSHUWLHV IURP RWKHU
LQIOXHQFHV
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5HVRQDWRU'HVLJQDQG7XQLQJ0RGHV
$PRQJ WKH WKHRUHWLFDOO\ H[SORUHG JHRPHWULFV WKH F\OLQGULFDO VKDSH KDV EHHQ ZLGHO\ DFFHSWHG DV WKH PRVW
DGYDQWDJHRXVRQH>%RQHWWLDQG$WLDD@7KHQDWXUDOPRGHVRIDF\OLQGULFDOVDPSOHRIKLJKGLHOHFWULFFRQVWDQW
PDWHULDO FDQEH FODVVLILHG LQWR IRXUFDWHJRULHV7(RSJ70RSJ+(QJJ DQG(+QSJZKHUHQDQGSDUH LQWHJHUVZKLFK
GHVFULEH WKHVWDQGLQJZDYHSDWWHUQ LQ WKHD]LPXWKDODQGUDGLDOGLUHFWLRQVUHVSHFWLYHO\ZKLOHJ LV LQJHQHUDOD UHDO




LQ WKH UDQJH WR7(DQG70PRGHVGRQRW FRQWDLQ HOHFWULF DQGPDJQHWLF ILHOGV LQ WKH D[LDO GLUHFWLRQV ]








$ JRRG'5PDWHULDO  PXVW KDYH ORZ ORVV LH ODUJH4 YDOXH KLJK WHPSHUDWXUH VWDELOLW\ ZLWK D UHDVRQDEO\ KLJK
UHODWLYHSHUPLWWLYLW\DQGDYHU\VPDOOFKDQJHLQUHVRQDQWIUHTXHQF\DVDIXQFWLRQRIWHPSHUDWXUH&HUDPLFGLHOHFWULFV
DQG IHUURHOHFWULFV LH GLHOHFWULFV ZLWK VSRQWDQHRXV SRODUL]DWLRQ DUH WKH REYLRXV FKRLFHV NHHSLQJ LQ YLHZ WKHLU
FKDUDFWHULVWLFVDQGWKHIROORZLQJIDFWV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 6\QWKHVLVRI 'LHOHFWULF5HVRQDWRU %D7L2 &HUDPLFV
6RIDUWKHV\QWKHVLVRI FHUDPLF QDQRFU\VWDOOLQHPDWHULDOVKDVEHHQFDUULHGRXWPRVWIUHTXHQWO\E\DVVHPEOLQJSUHJHQHUDWHGVPDOO
FOXVWHUVE\PHDQVRI LQVLWX FRQVROLGDWLRQDQGVLQWHULQJRUWKURXJKVRPHVWDWHRIDUWSURFHVVHVWKDWGRQRWUHTXLUHSUHJHQHUDWHG




VPDOO FOXVWHUV 7KH WZR UHDFWLRQV DSSOLHG VR IDU DUHK\GURWKHUPDOSUHFLSLWDWLRQ DQGK\GURWKHUPDOR[LGDWLRQ >.ULHFKEDXPDQG
.OHLQVFKPLW @%RWKUHDFWLRQV\LHOGVXVSHQVLRQVRIFU\VWDOOLQHPHWDOR[LGHV LQZDWHU6LPSOHR[LGHV=U26L2$O 
7L20J2&D2 DVZHOO DVPL[HG R[LGHV =U2<   =U2<  20J2 =U20J2 =U2 =U2$    %D)HO 2L
%D7L2KDYHEHHQSUHSDUHGLQWKHVL]HUDQJHVEHWZHHQQPDQGQP7KHVROXWLRQVROJHOPHWKRGKDVDOVREHHQXWLOL]HGLQ
DYDULHW\RIV\VWHPVWRJHQHUDWHVPDOOQPFOXVWHUVRI6L2$  DQG7L2%RWKVWUXFWXUDODQGFRPSRVLWLRQDOQDQRPHWHU




GLHOHFWULF FKDUDFWHULVWLFV 7KH UHDOL]DWLRQ RIPRQRSKDVLF %D7L2 KDG KRZHYHU EHHQ D FKDOOHQJH DQG WKHUH DUH RQO\ D IHZ
UHSRUWVDYDLODEOHRQ WKH WRSLF >&KR\HWDO 3XURKLW DQG7\DJL @$VROLG VWDWH UHDFWLRQEHWZHHQ%D&2 DQG7L2
HYHQ DW R& IRU  KRXUV FRXOG QRW JHW WKH PRQRSKDVLF %D7L2 >/LQ HW DO @ +RZHYHU V\QWKHVLV RI  D QHDU
PRQRSKDVLF%D7L2 KDVEHHQREWDLQHGE\DUDSLGWKHUPDOSURFHVVLQJRI%D7L2 DQG7L2 DWR&>/LQDQG6SH\HU@
7KHIRUPDWLRQRIXQZDQWHGSKDVHVLVPRUHFRPPRQGXULQJWKHIDEULFDWLRQRIWKHFRPSOH[PL[HGR[LGHSKDVHVVXFKDVEDULXP
SRO\WLWDQDWHVWKDWFDQEHDYRLGHGE\DQLQWLPDWHEOHQGLQJRIWKHFRQVWLWXHQWVGXULQJWKHV\QWKHVLVRIWKHVHPDWHULDOV
7KH LQYHVWLJDWLRQV  LQWR WKHPHFKDQLVPRI IRUPDWLRQRI EDULXP WLWDQDWH%D7L2 SKDVH LQ WKH%D27L2 DQG%D26U27L2
V\VWHPV >*ULJRU¶HYD HW DO  :X HW DO @ XVLQJ LQLWLDO PL[WXUHV SUHSDUHG E\ WKUHH PHWKRGV QDPHO\ PHFKDQLFDO
JULQGLQJ RI WKH LQLWLDO UHDFWDQWV FRSUHFLSLWDWLRQ IURP DTXHRXV VROXWLRQV RI VDOWV DQG WKH VROJHO WHFKQLTXH UHYHDOHG WKDW
LUUHVSHFWLYHRIWKHSUHSDUDWLRQ SURFHGXUHWKHIRUPDWLRQRI%D7L2 SURFHHGVWKURXJKWKHIRUPDWLRQRIWKHLQWHUPHGLDWHSKDVHV
%D7L2 DQG%D7L2>*ULJRU¶HYDHWDO @7KHQDWXUHRI WKH LQWHUPHGLDWHSKDVHV LVGHWHUPLQHGE\ WKHKRPRJHQHLW\DQG
GLVSHUVLRQ RI WKH LQLWLDOPL[WXUH DV ZHOO DV E\ WKH VWDELOLW\ RI WKH LQWHUPHGLDWH SKDVH 7KHPRVW RSWLPXP FRQGLWLRQV IRU WKH
V\QWKHVLV RI %D7L2 >:X HW DO @ DUH SURYLGHG E\ WKH IRUPDWLRQ RI %D7L2 DV DQ LQWHUPHGLDWH SKDVH XSRQ KHDW
WUHDWPHQW RI WKH FRSUHFLSLWDWLRQSURGXFWV LQ WKHQDQRFU\VWDOOLQH VWDWH7KHPHWDVWDELOLW\ DQG VWUXFWXUDO GHIHFWV LQ WKH%D7L2





WKH %D7L2 LQWHUPHGLDWH FRPSRXQG >*ULJRU¶HYD HW DO @ 7KH %D7L2 VLQJOHSKDVH SURGXFW LV IRUPHG RQO\ LQ WKH
SUHVHQFHRI=U2 PROXSRQKHDWWUHDWPHQWDWDWHPSHUDWXUHRI&IRUK,QWKH&V2±%D2±7L2=U2V\VWHPWKH
%D7L2 PHWDVWDEOH LQWHUPHGLDWHSKDVH LV IRUPHG DW WKH ILUVW VWDJHRI WKH VROLGSKDVH LQWHUDFWLRQ7KH&V[%D±[7L±\ =U \2
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VLQJOHSKDVH VROLG VROXWLRQV DUH SUHSDUHG XSRQ KHDW WUHDWPHQW DW & IRU  K ,W LV GHPRQVWUDWHG WKDW LQ WKH %D7L2
VWUXFWXUH FHVLXP FDQ LVRPRUSKRXVO\ VXEVWLWXWH IRU EDULXPZLWK WKH IRUPDWLRQ RI &V[%D±[ 7L±\=U\2 VROLG VROXWLRQV  [
 \  DQG7KH LGHQWLFDO VWXG\RQ IRUPDWLRQRI %D7L2 FHUDPLFV IURP('7$JHOGHULYHGSRZGHUV >:DQJDQG
&KXQJ@HVWDEOLVKHGWKDWLQWHUPHGLDWHSKDVHVSOD\DYLWDOUROHDWWKHSUHSDUDWLRQVWDJHRIWKHVHPDWHULDOV7KHGHYHORSPHQW
RIJODVV\DQGVHPLFU\VWDOOLQHSKDVHVLQWKH%D2±%2±7L2 V\VWHP>&HUFKH]HWDO@DQG6LQWHULQJ%D7L2 %D7L2 
EDVHGFHUDPLFV E\JODVVDGGLWLRQ>&KHQJHWDO@KDYHDOVREHHQUHSRUWHGLQOLWHUDWXUH
7KHWKHUPDOSURFHVVLQJRI%D7L2 DQG %D7L2 GLHOHFWULFUHVRQDWRUVE\VLQWHULQJWKHSUHVVHG SRZGHUSHOOHWVRI6QGRSHGDQG
XQGRSHGEDULXP WLWDQDWHV DW  DQG& IRU K UHVSHFWLYHO\ WKRXJKEDWFKHG WR IRUP%D7L2 UHYHDOHG D WZRSKDVH
PLFURVWUXFWXUHRI%D7L2 DQG7L2 IRUPHGLQWKHXQGRSHGV\VWHP>/LQHWDO@7KHGLHOHFWULFFRQVWDQWDW*+]ZDV
ZLWKRXW 6Q2 DGGLWLRQV 'RSLQJ ZLWK  PRO  6Q2 VWDELOL]HG %D7L2 DQG IRUPHG D VLQJOHSKDVH PLFURVWUXFWXUH EXW
UHVXOWHGLQKLJKHUSRURVLW\'LODWRPHWU\VWXGLHVLPSOLHGWKDW6Q2 DGGLWLRQVIDFLOLWDWHGDJUHDWHUIUDFWLRQRIUHDFWLRQWRRFFXULQ
WKH VROLG VWDWH FDXVLQJ D ORZHU TXDQWLW\ RI SRUHILOOLQJ IOXLG WR IRUP DERYH & $V D UHVXOW RI WKH KLJKHU SRURVLW\ WKH
GLHOHFWULFFRQVWDQWVDQGTXDOLW\IDFWRUVZHUHIRXQGWRUHGXFH+RZHYHUWKHUDSLGWKHUPDOSURFHVVLQJRI%D7L2 DQG7L2 SUHVVHG
SRZGHUVDW&PLQWR&IRUKLQDQLQIUDUHGIXUQDFH UHVXOWHGLQDPL[WXUHRI %D7L2 %D7L2 DQG7L2>/LQDQG
6SH\HU @)XUWKHU KHDW WUHDWPHQW DW & OHG WRYROSKDVHSXUH%D7L2 IURPDQ LQLWLDOPL[WXUHGHYRLGRI DQ\
GRSDQW+HDW WUHDWPHQWDW UDWHVGHFUHDVLQJ WR&PLQ IDFLOLWDWHGDJJORPHUDWLRQRI7L27KLV LQ WXUQ LQFUHDVHG WKHGLIIXVLRQ
GLVWDQFHUHTXLUHGIRUUHDFWLRQRI %D7L2 DQG7L2 WRIRUP%D7L2
7KH VWXGLHV RQ SKDVH HYROXWLRQ JUDLQ VL]H DQG GLHOHFWULF SURSHUWLHV RI 6RO*HO GHULYHG %D7L2 DQG %2GRSHG %D7L2
FHUDPLFVSRZGHUV>7DQJHWDO@VKRZHGWKDWWKH%D7L2 DQGZW%2GRSHG%D7L2 FHUDPLFVSRZGHUVFDOFLQHGDW
R& IRUKKDYH WKHJUDLQ VL]HVRI±DQG±QP UHVSHFWLYHO\0RQRSKDVH VDPSOHRI%D7L2 ZLWKRUWKRUKRPELF
V\PPHWU\FRXOGEHREWDLQHGDIWHUWKH%D7L2 SUHFXUVRUZDVFDOFLQHGDWR&IRUKZKHUHDVPRQRSKDVHVDPSOHRIZW
%2GRSHG%D7L2 ZDVREWDLQHGDWR&IRUK7KH%D7L2 DQG%D7L2ZW%2 FHUDPLFV IDEULFDWHGXVLQJ WKH





[UD\ GLIIUDFWLRQ ZDV XVHG WR GHWHUPLQH WKH SKDVH WUDQVIRUPDWLRQV DV D IXQFWLRQ RI WHPSHUDWXUH 6LQJOHSKDVH %D7L2 ZDV
REWDLQHGDW&IRUKZLWKRXWWKHQHHGRISURORQJHGKHDWWUHDWPHQWWLPH7KHSURFHVVZDVVLPSOHDQGHDV\WRFRQWURO
ORZWHPSHUDWXUHFRQGLWLRQVRUDSURWHFWLYHDWPRVSKHUHZDVQRWQHHGHG'LIIHUHQWLDOWKHUPDODQDO\VLVWKHUPRJUDYLPHWULFDQDO\VLV
DQG 5DPDQ VSHFWURVFRS\ ZHUH XVHG WR FKDUDFWHUL]H WKH SUHFXUVRUV DQG GHULYHG R[LGH SRZGHUV 7KH VLQJOH 3KDVH %D7L2
0LFURZDYH'LHOHFWULF&HUDPLFVKDYHDOVREHHQSUHSDUHGE\ORZWHPSHUDWXUHOLTXLGSKDVHVLQWHULQJE\DGGLQJ3E2±%2±6L2









RQ WKH HQWKDOS\ RU WKH IODPH WHPSHUDWXUH JHQHUDWHG GXULQJ LJQLWLRQ KHQFH WKLV PHWKRG LV VRPHWLPHV UHIHUUHG DV ,QWHUQDO
&RPEXVWLRQ>6FKDIHUHWDO 3XURKLWDQG7\DJL@





DPRQJ WKH QDQRFU\VWDOOLWHV KLJKHU VXUIDFH DUHD DQGEHWWHU VLQWHUDELOLW\ WKHSURFHVVHV HPSOR\HG DW V\QWKHVLV VWHS DUHRI YLWDO
VLJQLILFDQFH)RUWKHVHHOHFWURFHUDPLFV WKHGLHOHFWULFFKDUDFWHULVWLFVDUHKLJKO\VHQVLWLYHWRWKHSDUWLFOHVL]HLPSXULW\SKDVHVDQG
SRURVLW\ LQ WKH VLQWHUHGSURGXFWV7HFKQLFDODGYDQFHPHQWV LQ WKHSURFHVVLQJRIPDWHULDOV HVSHFLDOO\ LQ WKHPLFURQDQR UHJLPH
KDYHOHGWRQRYHOZD\VRIFUHDWLQJ VXEPLFURQSKDVHV5HFHQWUHVHDUFKKDVSRLQWHGRXWWKDWWKHVHPDWHULDOVDWWKHPLFURWRQDQR
VFDOHH[KLELWDOHQJWKVFDOHGHSHQGHQFHRISURSHUWLHV$WWKHQDQRPHWHUVFDOHFRQGLWLRQVUHTXLUHGIRUQXFOHDWLRQDQGJURZWK RI




VRPH XQDQVZHUHG FULWLFDOLWLHV OLNH RSWLPL]HG IDEULFDWLRQ PHWKRGRORJ\ FRQWURO RYHU SDUWLFOH VL]H LQWHUIDFLDO HIIHFWV PLFUR
VWUXFWXUDOVWDELOLW\DVSHFWV YHUVXVLPSURYHPHQWLQFKDUDFWHULVWLFVHQYLURQPHQWDODQGDJLQJLPSDFWVRQWKHPDWHULDOV6\QWKHVLV
RI QHDU PRQRSKDVLF %D7L2 FDQ EH DFKLHYHG RQO\ WKURXJK D1RYHO 6\QWKHVLV URXWH ,W KDV EHHQ UHSRUWHG LQ OLWHUDWXUH WKDW









,Q SUHVHQW VWXG\ &D GRSHG VLQJOH SKDVH %D7L2 ZLWK QRPLQDO FRPSRVLWLRQ %D [ &D[7L2 [
KHQFHIRUWK UHIHUUHG DV %D&D7L2 KDV EHHQ SUHSDUHG E\ XVLQJ WKH SRZGHU GHULYHG IURP DQ $XWR,JQLWLRQ
,QWHUQDO&RPEXVWLRQURXWH7KLVPHWKRGLVFDSDEOHRISURGXFLQJWKHQDQRFU\VWDOOLQHSRZGHUVRIWKHR[LGHFHUDPLFV
DWDORZHUFDOFLQDWLRQVWHPSHUDWXUHLQDVXUSULVLQJO\VKRUWHUWLPH6\QWKHVLVRISKDVHSXUH%D7L2 PDWHULDOVZLWK







7KLV ZRUN DWWHPSWV WR LQYHVWLJDWH WKH UROH RI SURFHVV SDUDPHWHUV RQ V\QWKHVLV RI PRQRSKDVLF %D&D7L2
FHUDPLFV XVLQJ WKH QDQRSKDVH GHULYHG SRZGHUV 7KLV WHFKQLTXH LQYROYHV DQ H[RWKHUPLF GHFRPSRVLWLRQ RI D IXHO
R[LGDQWSUHFXUVRUDQGUHVXOWVLQHLWKHUWKHILQHO\GLYLGHGSRZGHUZLWKUHTXLUHGSKDVHRUVHPLGHFRPSRVHGSUHFXUVRU
ZLWK D FRQVLGHUDEOH FDUERQDFHRXV UHVLGXH %\ DGMXVWLQJ WKH S+ RI FLWUDWH±QLWUDWH VROXWLRQ JHODWLRQ LV DFKLHYHG
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DPLQLPXPYROXPHRI0+12%D12 DQG&D12 LQDSSURSULDWHUDWLRZHUHGLVVROYHGLQKRWZDWHUDQG
FRROHGWRURRPWHPSHUDWXUH7KHUHTXLUHGYROXPHRI7L212 VROXWLRQZDVPL[HGLQWRWKHVROXWLRQRI%D12
DQG&D12 PDLQWDLQLQJ WKH%D&D WR7LPRODU UDWLRRI7KHFLWULFDFLGFU\VWDOVZHUH WKHQDGGHG WR WKH
VROXWLRQZKLOHPDLQWDLQLQJ WKH WRWDOPHWDO LRQV WRFLWULFDFLGPRODU UDWLRDV $ WUDQVSDUHQWDTXHRXVFLWUDWH±
QLWUDWHVROXWLRQLVREWDLQHG'LOXWH1+2+ZDVWKHQVORZO\DGGHGLQWRWKLVVROXWLRQWRDGMXVWLWVS+YDOXH+LJKO\









6LPXOWDQHRXV7*'7$ZDV SHUIRUPHG RQ GULHG \HOORZLVK JHO XQGHU G\QDPLF DLU DWPRVSKHUHZLWK D KHDWLQJ UDWH RI RPLQ




KHLJKWXVLQJDK\GUDXOLFSUHVVXQGHUDFRPSDFWLRQSUHVVXUHRI WRQFP7KHJUHHQSHOOHWVZHUH WKHQVLQWHUHG LQG\QDPLFDLU




DQG F VLQWHUHG 6DPSOH DW R& ZHUH UHFRUGHG XVLQJ D %UXNHU ' $'9$1&( GLIIUDFWRPHWHU ZLWK JUDSKLWH
PRQRFKURPDWHG0R.Į UDGLDWLRQO c;5'VWXGLHVZHUHGRQHWRLQYHVWLJDWHWKHSKDVHHYROXWLRQIURPWKHSRZGHU
REWDLQHGDIWHUWKHDXWR LJQLWLRQDVDIXQFWLRQRIFDOFLQDWLRQWHPSHUDWXUH7KHXQFDOFLQHGSRZGHUVKRZVWKHFKDUDFWHULVWLFSHDNV
RI %D&D7L2 DQG 7L2 7KH SRZGHU REWDLQHG DIWHU FDOFLQDWLRQ DW R& WR UHPRYH WKH VPDOO DPRXQW RI WKH UHVLGXDO
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FDUERQDFHRXVPDWHULDODOVRVKRZHGDVLPLODUNLQGRI;5'SDWWHUQ7KHFKDUDFWHULVWLFVSHDNVRI%D&D7L2 SKDVHVWDUWHGWR
DSSHDU DW  R& DQG WKHLU LQWHQVLW\ LQFUHDVHG DV D IXQFWLRQ RI FDOFLQDWLRQ WHPSHUDWXUH ZLWK D FRQWLQXRXV UHGXFWLRQ RI















7KH IXQFWLRQDO SURSHUWLHV RI WKH GLHOHFWULF FHUDPLF VDPSOHV 3ROHUL]DELOLW\ DQG 'LHOHFWULF &RQVWDQW ZHUH GHWHUPLQHG DW KLJK
IUHTXHQF\E\PHDQVRID +LRNL PHDVXULQJDSSDUDWXVZLWKDSDUDOOHOSODWHDUUDQJHPHQW7KHWHVWVDPSOHVZHUHWDNHQLQF\OLQGULFDO
VKDSHRIPPLQGLDPHWHUDQG PPLQKHLJKW DQGZHUH ILWWHGLQD IL[WXUH ERXQGHGE\PHWDOOLFZDOOVDWLWVWZRIODWIDFHV7KH












x 7KH UHDOL]DWLRQRIPRQRSKDVLFFRPSOH[ WLWDQDWHV OLNH%D7L2 KDGEHHQDFKDOOHQJHVLQFH ORQJ7KH IDEULFDWLRQRI
YHU\ GHQVH ERGLHV RXW RI WKHP ZLWK SKDVH SXULW\ LV RI JUHDW SUDFWLFDO LPSRUWDQFH 7KH SUHVHQW ZRUN DWWHPSWV WR
LQYHVWLJDWHWKHVHPDWHULDOVZLWKVSHFLDOHPSKDVLVWR&D GRSHG'LEDULXP1RQDWLWDQDWH%D[&D[7L2V\QWKHVL]HG
XVLQJWKHDXWR,JQLWLRQ,QWHUQDOFRPEXVWLRQPHWKRG




x 7KH DXWRLJQLWLRQ RI WKH JHO UHVXOWV LQ D YROXPLQRXV QDQRFU\VWDOOLQH SRZGHU FRQWDLQLQJ LQWLPDWH EOHQGLQJ RI
%D&D7L2 DQG7L2 ZLWKFDUERQDFHRXVPDWHULDO7KHSRZGHUREWDLQHGDIWHUDXWRLJQLWLRQZKHQFDOFLQHGDW&






4 *+] İU  0+] İU 0+]
R& IRUKU    
R& IRUKU    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x $OWHUQDWLYHO\WKHPRQRSKDVLF%D&D7L2 FRXOGEHREWDLQHGDW E\ILULQJWKHSRZGHUREWDLQHGDIWHUSHOOHWL]DWLRQDWD
WHPSHUDWXUHRI&IRUPLQ,WPD\EHQRWHGWKDWWKHGLUHFWV\QWKHVLVRIWKHGHVLUHG%D&D7L2 SKDVHFRXOG






x ,UUHVSHFWLYH RI WKH SUHSDUDWLRQ SURFHGXUH WKH IRUPDWLRQ RI %D&D7L2 SURFHHGV WKURXJK WKH IRUPDWLRQ RI WKH
LQWHUPHGLDWHSKDVHV %D&D7L2 DQG %D&D7L2 0RVWRSWLPXP FRQGLWLRQV IRU WKH V\QWKHVLVRI %D&D7L2
DUHSURYLGHGE\WKHIRUPDWLRQRI%D&D7L2 DVDQLQWHUPHGLDWHSKDVHXSRQKHDWWUHDWPHQWRIWKHFRSUHVSLWDWLRQ
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